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SUMKAB7 



Charts are presented to show the effects of taper 
ratio, thickness ratio, aspect ratio, and Beynolds num'ber 
on the spanwlse location of the Initial wing stall and on 
the maxliauD lift ooefflolant of the vlng. These stall 
charts supplement the charts given In HACA Report Uo. 703 
by including; additional taper ratios and a root thickness 
ratio of 0.24 tapering to 0.09 at the tip. Tor a root 
thickness ratio of 0.24, the effect of Increasing the 
aspect ratio to 18 is Invost l^jated. 



IJJTEODUCTIOH 



At the request of the Bureau of Aeronautics, "S&vj 
Department, the stall cherts presented in reference 1 for 
the NACA 230 airfoil series have been extended to Include 
taper ratios of 3 and 4 and a root thickness, ratio of 0.24 
tapering to 0.09 at the tip. The present report, there- 
fore, may be considered a supplement to reference 1. The 
combined scope of the stall charts of reference 1, designated 
A, and of the present work, designated B, Is summarised In 
the following table; 
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ITor the wing with the root thlckneaa ratio of 0,24, the 
effect of Increasing the aspect ratio to 18 was also In- 
▼estlgateda 

MZiTEOD AND HESULIS 



The assumptions and the method used In the present 
calculations are Identical with those given In reference 1. 
Figure 1 shows the assumed typical thlckness-ratlo variation 
along the span for the wing having an VACA 23024 section at 
the root and tapering to an NAOA 23009 section at the tip* 
Tho figure includes taper ratloe of 1 through 5a These 
variations, as noted in reference 1, are Independent of 
aspect ratio. Tor nil cases, the variation of the actual 
thickness along the span was linear. 

Iho results are presented In figures 2| 3* and 4 and 
are summarized In table II. 

Tlgure 3 presents the spanwiso dlstrlhutlon , hasod on 
lifting-line theory, of the soctlon lift ooefflclont c^, 

Ti^ure 2(a) gives tho section lift coafflclanta ci for 

al 

wings without aerodynamic twist at an over-all wing lift 
coefficient of 1 for taper ratios of 3 and 4 and aspect 
ratios of 6, 12, and 18. Figure 2(b) ^ivos section lift 
coefficients c^^ ^ for wings with 10^ washout at Oj^ = 0* 

Figures 3 and 4 show tho distributions of c; at the 
wing stall compared with section values of ^lan^x* 

figures are for Reynolds numbers of 4,000,000', 8,000,000, 

and 14,000,000 based on the maan wing chord. The values 

of ci are based on two-dimensional test data obtained 

*max 

from reference 2 and corrected to the local Reynolds number 
at each section. The Reynolds number corrections were deter- 
mined from data given in reference 3, which were extrapolated 
for section Reynolds numbers greater than 8,000,000. The 

ci _ values for thickness ratios higher than 0,21 were 
^max " 

determined by extrapolating the data from reference 2, A 
partial check of this extrapolation was obtained. by a com- 
parison of some of the values derived with oxperimontal 
data presonted in reference 4. Figure 3 presents the re- 
sults for an aspect ratio of 6 and taper r^itlos of 3 and 4. 
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The figure Includes thlokneBS ratios at the root of 0.13( 
0.16, 0«18, 0.21t and 0.24, eaoh tapering to 0*09 at the 
tip* Tlgure 4 presents the results for the NACA 23024-09 
airfoil for aspoot ratios of 6t 12, and 18, and taper ratios 
of 1 through 6. 

ITahle II summarizes the results of the present study 
for the 23024-09 wing for five taper ratios, three aspects 
ratios, and three Beynolds numbers. This ta'ble shows the 
position along the wing as a fraction of the semlspan 

at which stalling is first indicated to occur and the wing 
maximum lift coefficients Cx, 



DISCUSSION 



The general trends shown ty the results of the present 

computations are similar to those ll&cussed in referenoe 1« 

Tlgure 3 and a comparison of figure 4 of this report with 

figure 4 of reference 1 show the effects of increasing the 

root thickness ratio to 0.24. The initial stall location 

moves Inhoard and the a\ and Ci curves dlverj'O more 

' 'max 

rapidly outboard of the stall point. This divergence out- 
board of the stall point vlth Increasing thickness ratio is 
more pronounced for low taper rntlos. There is, in addition, 
.a reduction in th? over-all wing maximum lift coefficient 

and in the margin between the Ci nnd e* curves in- 

*=• I *max 

board of the Initial stall location. The incroase in wing 

tnickness ratio from KACA 23021-09 to 23024-09 reduces the 

calculated value for the wing mr.ximum lift coefficient by 

approximately 7 percent for the lower taper ratios (r, 1 

and 2) and approximately 3.5 percent for the higher taper 

ratios (r, 3 and 4)« 

Figure 4 also shows the effects of aspect ratio. It 
is interesting to note in the figure that the °l]nax dis- 
tribution curves are independent of aspect ratio for a 
given wing Beynolds UTunber based on the mean wing chord. 
The Olf^i distribution tends to flatten out with increasing 

aspect ratio. (See fig. 2.) The resultant effect on the 
initial stall location indicated in figure 4 is that an 
increase in aspect ratio tends to move the initial stall 
location toward the center. The calculated wing maxlmujn 
lift coefficient for the NACA 23024-09 airfoil varies only 



4 



slightly with aspect ratio, except for extreme taper. With 
the extreme taper ratio of 5 and a Reynolds number of 
4,000,000, Inoreasinf; the aspect ratio from 6 to 12 gives 
a 4*5 percent Increase in wing maximum lift coofflclont* 
Vith a Reynolds number of 14,000,000 this Increase In 
CLmax reduced to less than 1 percent. Increasing the 

Reynolds number of the NACA 33024-09 airfoil tends to move 
the calculated Initial stall location toward the center. 



Tho results of the present study and the data given 
In reference 1 show the effect of combining increases in 
wing thickness retio, aspect ratio, and taper ratio. Tho 
effoct of combining these changes varies somewhat with the 
Beynolds number (and taper and thickness ratios). In gen- 
eral, for a constant tapor ratio a combined increase in 
the thickness and aspect ratios tends to reduce ^Jijaixx 
and to shift tho initial stall locitlon Inboard. If tho 
taper rntlo Is, in addition, Increased, the effect is to 

reduce Cl „ ^.nd to widen the spanwlse initial stall 
"max 

region. If, for example, a constant taper ratio of 2 is 
assumed. Jointly increaBlng the wing thickncsBS r.T.tlo from 
NACA 23012-09 to ^3024-09 and the fispect ratio from 6 to 
18 results in a reduction in Cl of the order of 9 

percent for Reynolds number of 4,000,000 i^ai 16 porcont 
for Reynolds number of 8,000,000. She lultir.l stall re- 
gion, however, moves inboard from the .spnuwlsu position 
of approxifnately 0.50 to O.GO to the position of 0 to 0.13. 
If the taper ratio Is, In addition, asBumed to increase 
from 2 to 5, the combined effects of these changes in taper 
ratio, thickness ratio, and aspect ratio result in a re- 
duction in CLmax slightly less than the previously men- 
tioned one and in a widening of the spanwlse initial stall 
region from 0,55 to 0.65 to 0.32 to 0.85 for Reynolds num- 
ber of 4,000,000 and from 0.48 to 0.58 to 0.22 to 0.57 for 
Reynolds nunber of 8,000,000. 

Ilnrxvea 3 and, 4 show, particularly for the HACA 23024-09 
wing, a comparatively large spanwlse gradient of the ^Xj^s^x 
distribution. Experimental section data for the NACA 250 

series indicate that the decrease in ci with Increasing 

'max 

thickness ratios above 15 percent is associated with a corre- 
sponding thickoning of the boundary layer. The comparatively 

large variation in o\ _ between adjacent sections, noted 

^max 

for the NACA 23024-09 wing. Is conseciuently associated, for 
sections at the same lift coefficient, with corresponding 
differences in boundary-lr^yer thickness. 
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concLuszovs 



The reBults of the proaent study show the same general 
effects of Tariatlona In the taper ratio, thickness ratio, 
and Reynolds number on wing stalling characteristics as 
shown by the analysis of Report No. 703. 

The specific eoneluslons noted mainly for the 3ACA 
23024-09 airfoil are: 

1. Increasing the aspect ratio and Reynolds number 
tends to move the calculated initial stall location toward 
the wing center; whereas Increasing the taper ratio mores 
the Initial stall position in the outboard direction, 

2m The calculated wing maximum lift coefficient for 
the NACA 23034-09 wing varies only slightly with aspect 
ratio for the usual tapers and, in general, Increases 
slightly with Increasing Reynolds numbers. Increasing 
the wing thickness ratio from NAGA 23021«jc to 23024-09 
decreases the calculated taIuc of maximum lift coefficient 
by approximately 7 percent for the lower taper ratios -of 1 
and 2 and approximately 3.5 percent for the higher taper 
ratios of 3 and 4. 

3. In general, for a constant taper ratio, a com- 
bined increase in the thickness ratio and the aspect ratio 
tends to reduce the maximum lift coefficient of the wing 
and to shift the initial stall location inboard. If the 
taper ratio is, in addition, increased, the effect of the 
combined increases in aspect ratio, taper ratio, and thick- 
ness ratio tends both to reduce the maximum lift coefficient 
of the wing and to widen the spanwise Initial stall region* 



Langlay Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley 7leld, Ta. 



6 



HZJXBBHOES 



1. Soul^, H. A. I and. Andersoni R. P.: Design Charts 

Hel=!.tlng to the Stalling of Taperod tflngs. Hep* 
Ho. 703, NACA, 1940. 

2. Jr.co'bB, Snistmau Ni , Flnkerton, Robert M. i :uid Green- 

berg, Harry: Tests of Related Porward-Qamber Air- 
foils in the Tarlable-i)ensit7 Vlnd Tunnel. Rop. 
No. 610, KAGA, 1937. 

3. Jacobs, Sastman , and Sherman, Albert: Airfoil 

Section Charp.cteriEtios pb Affected by Torlatlona 
of the Reynolds Number. Hap. No. 586, NACA, 1937, 

4. tronsingsr, Carl J,, and Harris, Thom.-'.fi A.! Wind-Tunnol 

Investigation of N.A.C.A* 33012, 23031, and 23030 
Airfoile with Various Sises of Split Tlap. Rep. 
No. 668, NACA, 1939. 



1 



L-fc71 



TAHTjT^ II 

mmnx or iqcsdlts ibor sjjik 230211-09 vm igel iniiul 



NsTaper 
\. ratio. 

Aspects,,^ 
rat]\ 


1 


2 


3 


u 


5 


{fraction 
semi spaa) 
(a) 




(fraction 
seEii^an) 




(fraction 
eealepan) 
(aP 


'^Diax 


(fraction 
semi span) 
(aP 




(fraction 
semi roan) 
(aP 


^^^taax 


Ee^nolds mmber l{-,000,000 


6 

12 

IS 


0 to 0.03 
0 to .03 
0 to .03 


1.21 
1.22 
1.23 


0 to 0.31 
0 to .17 
0 to ,lk 


1.39 
1.38 
1.36 


0.35 to 0.65 
.19 to .42 
.11 to .34 


1.38 
l.UO 
l.UO 


0.45 to 0.66 
.28 to .68 
.20 to .46 


1,3'^ 
1.39 
1.39 


0*66 to 0.81 
.40 to .83 
.32 to .85 


1.31 
3-37 
1.39 


HeTnolds nusAer 8,000,000 


6 
12 
18 


0 to 0.03 
0 to .03 
0 to .03 


1.23 
1.25 
1.26 


0 to 0.25 
0 to .16 
0 to .12 


l.Ul 
l.lK) 
1.37 


0.25 to 0.^3 
.11 to .43 
.06 to .27 


l.lt2 

1.43 
l.Ul 


0-39 to 0.58 
.25 to .45 
.13 to .45 


1.^8 
1.4-1 
1.^3 


0,U3 taO.70 
.35 to .59 
.22 to .57 


1.37 
1.39 
1.4-1 


BeoraoldB nuB'ber lU,000,000 


6 
12 
18 


0 to 0.03 
0 to .03 
0 to .03 


1.22 
I.2II- 
1-25 


0 to 0.17 
0 to .lU 
0 to .02 


1.38 
1.38 
1.36 


0.26 to OM 
.10 to .35 
.02 to .25 


1.41 
I.U2 
1.39 


0.31 to 0.52 
.25 to .39 
.14- to .3U 


1.38 

1.39 
1.40 


0.37 to 0.63 
.•27 to .50 
.20 to .48 


1.38 
il^ 



^glon of initial stall, 1)^. 




Jigiira 2a, b.- Distri'Dution of lift over semis-oan. 
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figure 2a, "b.- Distribution of lift over semispan. 



Fig. 3a 
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